The ability of peanut gynophores to peg through cover crop residue in reduced tillage systems is a primary concern of many growers and may be hindering adoption of the practice in peanut production. The interaction between tillage and irrigation could also play a major role in final yield. Experiments were conducted during 2004 and 2005 to determine what effects tillage (conventional tillage -CT and strip tillage -ST) and irrigation method (overhead -OH and subsurface drip -SDI) had on peanut reproductive processes and if climatic conditions were correlated with the formation of reproductive structures. Counts of flowers, pegs, and pods were conducted on two time scales: every 3-4 days for six weeks during peak flowering and peg production; and season long starting at 30 days after planting and continuing until harvest. In 2004, flowers were permanently tagged and the percent and time elapsed for peg production was measured. Overall, few differences in peanut reproduction between tillage treatments were found in either 2004 or 2005. The primary difference in reproduction was a greater production of flowers in ST than CT plants in 2004, but there were no subsequent differences in pod production due to the tillage system in that same year. The peak flowering time period in 2004 for both tillage and irrigation treatments was between 19 and 23 June, while in 2005, flower production peaked around 6 July. Maximum peg and pod counts in the OH and SDI irrigation treatments in both tillage treatments occurred between 4 July and 6 July 2005. There was a significant interaction for pod production between tillage and irrigation method in 2005 and showed, on average, the SDI-CT treatment produced 2.4 pods per plant in comparison to 1.5 pods per plant in the SDI-ST treatment, indicating that the use of the two management systems together be avoided. Limited effects of climatic conditions on formation of flowers, pegs and pods were found across all tillage and irrigation treatments in both years.
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ABSTRACT
The ability of peanut gynophores to peg through cover crop residue in reduced tillage systems is a primary concern of many growers and may be hindering adoption of the practice in peanut production. The interaction between tillage and irrigation could also play a major role in final yield. Experiments were conducted during 2004 and 2005 to determine what effects tillage (conventional tillage -CT and strip tillage -ST) and irrigation method (overhead -OH and subsurface drip -SDI) had on peanut reproductive processes and if climatic conditions were correlated with the formation of reproductive structures. Counts of flowers, pegs, and pods were conducted on two time scales: every 3-4 days for six weeks during peak flowering and peg production; and season long starting at 30 days after planting and continuing until harvest. In 2004, flowers were permanently tagged and the percent and time elapsed for peg production was measured. Overall, few differences in peanut reproduction between tillage treatments were found in either 2004 or 2005. The primary difference in reproduction was a greater production of flowers in ST than CT plants in 2004 , but there were no subsequent differences in pod production due to the tillage system in that same year. The peak flowering time period in 2004 for both tillage and irrigation treatments was between 19 and 23 June, while in 2005, flower production peaked around 6 July. Maximum peg and pod counts in the OH and SDI irrigation treatments in both tillage treatments occurred between 4 July and 6 July 2005. There was a significant interaction for pod production between tillage and irrigation method in 2005 and showed, on average, the SDI-CT treatment produced 2.4 pods per plant in comparison to 1.5 pods per plant in the SDI-ST treatment, indicating that the use of the two management systems together be avoided. Limited effects of climatic conditions on formation of flowers, pegs and pods were found across all tillage and irrigation treatments in both years.
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Peanut (Arachis hypogaea L.) yield is a product of a complex cascade of reproductive processes both above and below ground starting at approximately three weeks after seed germination. Pod number and eventual crop yield is determined by the number of floral buds that form flowers, the number of flowers that are fertilized and produce pegs, and the number of pegs that successfully penetrate the soil surface and produce pods (Vara Prasad et al., 1999b) . Aside from the genetic programming of these processes, climatic conditions and field management techniques greatly influence the success of each step in the process. Abiotic or biotic stress at any point in this process can affect flowering, pegging, and pod yield (Vara Prasad et al., 1999b) .
The positive impact of conservation tillage, strip-tillage in particular, on infiltration, runoff and soil quality has resulted in an increase in grower adoption over the last decade (CTIC, 2004) . Conservation tillage systems retain at least 30% plant residue on the soil surface between successive crops (Phillips et al., 1980) . Benefits of conservation tillage in the production of peanut and other crops are numerous and include: decreased soil erosion and compaction (Merrill et al., 1999; Raper et al., 2000; Yu et al., 2000) ; decreased soil evaporative losses (Blevins et al., 1971; Reeves 1997) ; increased soil organic matter (Reeves, 1997) ; increased soil water infiltration and plant available water (Blevins et al., 1971; Gallaher, 1977) ; and decreased disease incidence, specifically Tomato spotted wilt virus in peanut (Marois and Wright, 2003; Cantonwine et al., 2006) . Despite these advantages, many peanut growers have expressed concern over possible yield decreases associated with conservation tillage, and cite the purported interference of pegging by either the preceding crop stubble or cover crop residues and the possible increased digging losses in conservation systems as the primary reasons behind their apprehension (Grichar and Boswell, 1987; Jordan et al., 2003; Monfort et al., 2004) . In part because of these concerns, less than 30% of peanut production utilizes conservation tillage, despite numerous reports of success (Grichar and Boswell, 1987; Colvin and Brecke, 1988; Johnson et al., 2001; Tubbs and Gallaher, 2005) . Additional research is needed to define factors that lead to inconsistent response to reduced tillage.
Another management technique likely to have interactive effects on peanut reproduction in either the ST or CT system is the irrigation application method used. Typical irrigation in peanut production is applied overhead with a lateral or pivot sprinkler system (OH); while another technique receiving some grower acceptance is the use of subsurface drip irrigation (SDI). Subsurface drip irrigation is purported to maximize water-use efficiency (WUE) by reducing soil evaporation, percolation, and runoff (Phene et al., 1992; Assouline et al., 2002) . However, SDI systems, through the nature of their underground water application, may impede peg soil penetration due to drier soil surfaces and possibly elevated soil surface temperatures (Lanier et al., 2004; Sorensen et al., 2005) . The presence of a cover crop in an ST system may ameliorate this problem and decrease soil surface evaporative losses while decreasing soil surface temperatures.
The objectives of this study were to: 1) quantify the differences in flower, peg, and pod formation between ST and CT systems; 2) determine if irrigation treatments within these tillage systems affected these same processes in both OH and SDI irrigation treatments; and 3) correlate climatic conditions with reproductive processes to determine their effects and interactions with tillage and irrigation treatments on peanut reproduction.
Material and Methods
Plot Design. Mfg. Co., Tifton, GA) consisting of a coulter ahead of a subsoil shank, followed by two sets of fluted coulters ahead of a rolling basket and a drag chain assembly. An area of approximately 30 cm wide was tilled over the row. Conventional tillage (CT) plots remained fallow until the spring of each year at which time moldboard plowing to a depth of 25 cm was performed in both OH and SDI plots. Seedbed preparation followed with multiple diskings and/or field cultivations and the formation of a 91 cm raised bed. The irrigation treatments used in factorial combination with the tillage treatments included overhead (OH) and subsurface drip (SDI) irrigation. The OH treatment was applied using a lateral irrigation system that traveled across all of the twelve plots, but with water applied only to the randomized OH plots by blocking the sprinkler heads over the SDI plots. The SDI system consisted of drip tube laterals spaced 1.82 m apart between every other crop row. The drip tubing was 0.38 mm thick (15 mil) with emitters spaced at 45 cm and a flow rate per emitter of 0.77 l/h. An on-site automated weather station (Hoogenboom, 1993) monitored and recorded environmental data including temperature, relative humidity, solar radiation, and wind speed and direction. Potential evapotranspiration (ET o ) was calculated from the meteorological data using the JensenHaise equation (McGuinness and Bordne, 1972) corrected for local conditions. Daily plant water use (ET a ) was calculated by muliplying ET p by a crop coefficient determined from DAP (Harrison and Tyson, 1993) . Irrigation amount was calculated by subtracting the daily rainfall amount from the ET a . If rainfall was greater than ET a no irrigation was applied. Irrigation was scheduled daily for the SDI treatment, while irrigation amounts were summed over a 3-5 day period and then applied in the OH treatments. Therefore, the total water applied was the same in the SDI and OH treatments. Plots were harvested when the crop reached optimum maturity. Plots were mechanically inverted in 33 m by two row sections and machine threshed. Yield was determined after pods were dried to approximately 10% moisture. One kg subsamples were retained for farmer stock grade determination; pod yields are presented as weight per hectare minus foreign material.
Statistics. Data for reproductive counts were subjected to analysis of variance within 2004 and 2005 data separately to examine the effects of count date, tillage, irrigation, and all possible interactive effects on the difference in number of flowers, pegs, and pods. Significance levels were tested at p # 0.05. Separate analyses were performed for the two data sets at different time scales: one analysis for the data collected every 3-4 d for a period of approximately six weeks, and one analysis for the data collected at 30 day intervals throughout the growing season. In 2004, flowers that were permanently tagged and monitored every 3-4 days for peg production, analysis of variance was performed on the percentage of flowers converted to pegs and the number of days it took to form a peg to determine the effects of tag date, tillage, irrigation, and all interactive effects.
Pearson correlations were analyzed between mean flower, peg and pod number per plant and weather parameters measured at the site. Weather conditions included: mean air temperature; mean relative humidity; soil temperature at 5, 10, and 20 cm depths; mean daily rainfall; incident radiation; and vapor pressure deficit. The same conditions taken 1, 3, and 6 days prior to reproductive counts were also analyzed to determine the effect of past edaphic conditions on reproductive processes. Correlations were run individually within year, tillage, and irrigation combinations.
Results
Fine scale counts of flowers, pegs, and pods. The period during which reproductive processes were monitored on a fine scale of 3-4 days captured both the initiation of flowers (Figure 1 (Table 1) . While reproductive counts showed some differences between tillage and irrigation treatments, final plot yield did not show significant differences among treatments (Table 2) (Table 3) . Collection date was significant for all tissue types and for Pod counts for all years, irrigation, and tillage treatments continued to rise through September in both years ( Figure 3) . Correlations with weather conditions. Across all tillage and irrigation treatments in 2004 and 2005, very few weather conditions were correlated to flower production; only the OH-CT and the OH-ST treatments showed significant correlations between weather conditions and flowering, while both SDI treatments showed no significant correlations (Table 4) . For 2004, in the OH-CT treatment, relative humidity and vapor pressure deficit six days prior to flower counts were correlated, while in the OH-ST treatment, rainfall measured the same day and incident radiation measured one day prior to flower counts were correlated. In 2005, soil temperature (both same day and one day prior to flower counts) was highly correlated to flower counts but only in the OH-ST treatment. Soil temperature was the primary weather factor affecting peg and pod production. For pegs, soil temperature at 5 cm, 10 cm, and 20 cm had effects in all tillage and irrigation combinations (Table 4) . Effects were important the same day, one and three days prior to reproductive counts. Typically, weather conditions one to three days prior to counts were well correlated with pod count per plant (Table 4) .
Tagged flowers. When flowers were tagged and monitored over time in 2004, differences in the percent of flowers that produced a peg and the number of days it took to form those pegs showed very limited differences among treatments. Tillage affected the percent of flowers that were converted to pegs with the CT treatment having a higher percentage conversion than ST (df 5 1, F Ratio 5 6.5, p-value 5 0.0156). In addition for this trait, the interactive effects of tillage by irrigation (df 5 1, F Ratio 5 6.4, p-value 5 0.0166) showed significant effects. The percent of tagged flowers converted to pegs in 2004 showed no large numerical differences between tillage or irrigation treatments until the last monitoring date on 2 July (Figure 4) . Overall, the numerical percentages showed a lower percentage of OH-ST flowers were converted to pegs followed by SDI-CT, SDI-ST, and OH-CT with the highest percent conversion. Weather parameters affecting percent peg conversion occurred almost exclusively six days prior to the monitoring time period (Table 5 ). For the OH-ST treatment, relative humidity, incident radiation, and vapor pressure deficit six days prior to reproductive counts affected the conversion of flowers to pegs; while the SDI-CT treatment showed only relative humidity six days prior was important. Only the OH-CT treatment showed a same day response of rainfall in a negative direction with percent peg conversion ( Table 5 ). The number of days it took for a flower to produce a peg showed a significant effect of date on which the flower was tagged (df 5 3, F Ratio 5 4.1, p-value 5 0.0077) and the interaction between tillage and irrigation (df 5 1, F Ratio 5 5.7, p-value 5 0.0179). The interaction between tillage and irrigation was due to the longer time for flower to peg conversion in the ST plants under SDI irrigation, while ST plants under OH irrigation exhibited a shorter conversion time period ( Figure 5 ).
Discussion
This study has provided a unique examination of the effects of both tillage and irrigation management systems on peanut reproduction. Overall, the study finds minimal impact of tillage systems on peanut reproduction and no resultant decrease in yield associated with conservation tillage over the two year study period. Due to the increasing number of producers either considering or currently converting conventional tillage practices into conservation tillage, this knowledge can aid growers in this decision. While conservation tillage has shown some variability in its effect on peanut yield and quality among previous studies, the current results add evidence that peanut Table 4 . Pearson correlations between weather parameters and mean flowers, pegs, and pods per plant. Weather parameters were measured the same day and 1, 3, and 6 days prior to reproductive counts. Significant correlations are reported for each year (2004, 2005) , tillage (conventional and strip), and irrigation (OH, SDI) combination. Pegs and pods were not counted in 2004. reproduction appears not to be adversely affected in ST systems. Another inimitable opportunity this study has provided is the comparison of results from previous studies of the environmental effects on peanut reproduction, conducted almost exclusively in greenhouse environments, with actual quantification of these processes in a typical field peanut production environment. The results show that the reproductive processes occurring in the artificial environment vs. the production environment are not always comparable. Both fine scale and season-long measurements of flowers, pegs, and pods show very little difference when comparing growth in ST and CT systems. Despite grower fears, flower production at a 3-4 day time scale in the ST system in 2004 was greater than the CT system. However, seasonal counts showed no differences in flower, peg, or pod production between the two systems in either year.
IRR-TILL
This was likely due to the lower percentage of flowers converted to pegs in the ST system, thereby leading to no real differences between the two tillage treatments in peg or pod numbers. In both tillage systems, the average time from flower appearance to peg production was within the typical range of 6-9 days (Vara Prasad et al., 2001) . The only other difference seen between the CT and ST systems was for pod production in 2005 where CT plants produced, on average, 2.5 pods per plant in comparison to 2.1 pods per plant for those grown under and ST system. Despite these differences in pod production over a two week period, season long pod counts and eventual total pod production (yield) showed no differences between the two tillage systems.
The effects of irrigation in the current study showed that the choice of application method was important to the maintenance of reproductive output. While the SDI treatment showed increased numbers of flowers in 2004, it showed fewer numbers of pods than the traditional OH irrigation treatment in 2005. But the true disadvantage to growing peanuts under subsurface drip irrigation appeared to be when it was utilized in combination with conservation tillage. The significant interaction between tillage and irrigation method showed, on average, the SDI-CT treatment produced 2.4 pods per plant in comparison to 1.5 pods per plant in the SDI-ST treatment. This interactive effect was robust enough to be seen in the season-long counts as well, such that the SDI-ST treatment had depressed pod production in comparison to the SDI-CT treatment. While yields were not lowered in the SDI-ST treatment in the two years of the study, conservation tillage may put peanuts produced in this system at higher risk for decreased pod production.
By necessity, almost all of the experiments seeking to determine the fine scale effects of air temperature, soil temperature, and other environmental factors on reproductive processes in peanut have been conducted in controlled environmental chambers -either greenhouses or polyethylene covered plots. While these studies have discovered details about the formation of flowers, pegs, and pods, their utility in actual production environments may be limited due to the vast differences between the greenhouse environment and the field climate, and how these two different environments affect phenotypic plasticity in peanuts. The current study certainly cannot make conclusions about all possible environmental conditions experienced in a field setting, but it does provide a timely and much needed opportunity to examine the correlation between climatic conditions and peanut reproduction under field conditions and apply this information to grower management decisions. Surprisingly, the results show limited direct effects of atmospheric conditions on flower, peg, and pod production. This is somewhat contrary to what has been found previously in greenhouse environments, where high air temperatures can increase the total number of flowers (Vara Prasad et al., 1999b) . However, ambient air conditions can affect more than just flower number through changes in flower morphology itself including: increasing the length of the hypanthium in the flower; increasing stigma exertion and reducing the rate of successful germination; reducing the rate of pollen tube growth; and decreasing the number of pegs produced (Ketring, 1984; Talwar and Yanagihara, 1999) . The primary effect of atmospheric conditions in this study was on peg production; in this case, conditions six days prior to peg appearance had the greatest effect. These conditions, including relative humidity and vapor pressure deficit (Table 5) were likely affecting microsporogenesis which occurs three to six days before anthesis and may be highly sensitive to temperature (Xi, 1991; Vara Prasad et al., 1999b) . Therefore, heat stress is likely to affect the conversion rate of flowers into pegs, but may not affect actual flower production or the conversion of pegs into pods (Vara Prasad et al., 1999b) . Optimum air temperatures for vegetative growth and physiological performance of peanut is in the range of 25-35 C but for reproductive processes is in the range of 20-25 C (Williams and Boote, 1995; Talwar and Yanagihara, 1999) . However, a threshold of 34 C has been demonstrated to exist, beyond which most of the deleterious effects on pollen production and viability occur (Vara Prasad et al., 1999a; Kakani et al., 2002) . An examination of the atmospheric conditions during the current study indicates the absence of extreme heat stress in either 2004 or 2005 (Figure 6 ), thereby making negative effects of climate on flowers and pollen unlikely.
What was clear in the current results was the effect of soil temperature on peanut reproduction, both the current day conditions and 1-6 days prior to reproductive counts. Environmental effects also appeared to act equally among tillage and irrigation treatments. Both peg and pod counts were significantly correlated with soil temperatures in the pod zone (5 cm) and below (10, and 20 cm) in all of the irrigation-tillage treatments. Further, all correlations were such that reproductive production increased with increasing soil temperature. High soil temperatures have been found to significantly shorten times to flowering, pod formation, and maturity, but to decrease total pod number, pod weight, and total yield as temperatures range from 23-35 C (Dreyer et al. 1981; Golombek et al., 2001; Awal et al., 2003; Craufurd et al., 2003) . The reason may be that pods at high temperatures may not be able to accept assimilates very quickly and the rate of translocation of photosynthates may be slowed (Awal et al., 2003) . However, one study found a positive correlation between pod weight and temperature in the range of 10-30 C (Ono et al., 1974) , so there appears to be an optimal intermediate temperature regime where pod development and soil temperature are positively correlated. When temperatures either are below or above this point, pod production decreases (Golombek and Johansen, 1997) . Looking at the soil temperature in this study at the pod depth (5 cm), temperatures fell exclusively within the optimal range making positive correlations with pod production likely ( Figure 6 ). Interestingly, significant differences between 2004 and 2005 in plot yield can possibly be explained by the large variation in soil temperatures between the two years during early establishment and primary reproductive activity (6 May -10 June). Soil temperatures during this time period were much higher in 2004 than 2005, leading to better pod development and production in the former year.
Based on the results in this study, conservation tillage in peanuts appears to be a viable production strategy. Previous research has already demonstrated that conservation tillage systems can spell great benefits to producers through decreased soil losses, increased soil water infiltration, and increased plant available water. In this study, no deleterious effects of conservation tillage on peanut reproduction were noted except in the subsurface drip irrigation treatment. Therefore, for the ma- jority of U.S. peanut growers that utilize overhead irrigation, conservation tillage remains a beneficial alternative to conventional clean till production.
